Background: Protein crystallographic studies suggest that the house dust mite (HDM)
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| INTRODUCTION
It is broadly accepted that the activation of innate immune signalling pathways is critical for the development of house dust mite (HDM)-allergic response. 1 Such events would occur mainly at the level of the airway epithelium when this cell layer encounters inhaled mite body debris or fecal pellets. The resulting cross-talk between the activated airway epithelium, innate lymphoid type 2 cells (ILC2s) and dendritic cells might orchestrate Th2 polarization leading to the differentiation and proliferation of allergen-specific Th2 cells and consequent production of allergen-specific IgE. The direct contribution of HDM allergens to the activation of epithelial innate signalling pathways has been investigated, although such studies have been limited to a few allergen proteins. Although it is well-established that the cysteine protease activity of Der p 1 triggers the production of a several proinflammatory cytokines and the degradation of epithelial tight junctions, the receptor(s) and the signalling pathways involved in such epithelial cell activation remain to be fully identified. 6 That the serine proteases Der p 3, 6 or 9 can stimulate the PAR-2 receptor of the airway mucosa, and the drastic reduction of the HDM-allergic response in PAR-2-deficient mice, suggests that such stimulation of the airways could represent a key step in allergic sensitization to HDM allergens. 6 A potential role for an allergen's biochemical activity has also been sought for the HDM allergens Der p/Der f 23 display amino acid sequence similarities to chitin binding proteins and consequently could also transport chitin. 7 However, chitin binding assays using recombinant forms of Der p 23 did not show evidence of such interactions. 8 It must be pointed out that the Blomia tropicalis mite allergen Blo t 12, does interact with chitin. 9 The major HDM allergen Der p 2, through the presence of a large hydrophobic pocket in its structure, is able to transport LPS to activate TLR4 signalling pathways. 10 Interestingly, the Der p 2/LPS complex can substitute for MD2/LPS association to trigger TLR4.
Moreover, it has also been shown that Der p 2 also stimulates airway epithelial cells in a TLR2-dependent manner, suggesting that this allergen is also able to transport a variety of lipids, such as fatty acids. 11 We recently showed that Der p 13 and Blo t 7 are lipid binding proteins that are able to stimulate TLR2 of airway epithelial cells and that its lipid cargo appears to be influential in this activity. 12, 13 These data, together with those demonstrating the ability of Der p 21 to induce TLR2-dependent activation, 14 suggest that lipid carriage could represent a key determinant shared by several HDM allergens that contributes to initiation of allergic sensitization.
With the exception of a study showing that Der p 5 up-regulates the production of IL-6 and IL-8 in human airway epithelial cells, 15 the contribution of this mid-tier HDM allergen 16 in the stimulation of innate signalling pathways remains to be fully explored. Physicochemical characterization of a recombinant form of Der p 5 showed that, in solution, this α-helical protein was predominantly monomeric at neutral pH and low concentration. 17, 18 However, oligomerization of this allergen was observed under acidic pH conditions and high concentration. The elucidation of the X-ray crystal structure of Der p 5 revealed a dimeric form with a large hydrophobic pocket laying at a dimer interface that is potentially able to associate with lipid ligands. 18 But, the propensity of Der p 5 to interact with hydrophobic ligands and its potential for stimulating innate signalling pathways through its lipid cargo both remain to be demonstrated. column (C 4 , 1.7 μm, 300 Å, 2.1 × 100 mm, Waters, Saint-Quentinen-Yvelines, France) equilibrated at 75°C and eluted with a linear gradient from 95% solvent A (5% acetonitrile/0.1% formic acid) and 5% solvent B (80% acetonitrile/0.1% formic acid) to 60% solvent B over 15 minute at a flow rate of 400 μL/min. The capillary voltage, the end plate offset voltage and the dry gas temperature of the mass spectrometer were set to 4500 V, −500 V and 180°C, respectively. MS spectra were acquired in positive mode, over the m/z range 300−3000 with a scan rate of 2 Hz. Calibration was performed using an internal lockmass calibration at 1221.9906 atomic mass unit (amu). MS spectra were deconvoluted using the MaxEnt algorithm.
| Circular dichroism analysis
The secondary structure content of purified rDer p 5 was assessed by far-UV circular dichroism (CD) with a Jasco J-815 CD spectrometer at pH 7.3 and pH 4.2. To investigate the secondary structure content under acidic pH, the recombinant protein was previously dialysed against 20 mmol/L Na acetate buffer pH 4.2. Spectra were acquired using a 1-mm-path-length quartz cuvette from 190 to 260 nm with 1-nm resolution at a scan rate of 100 nm/min for 8 cycles. conditions, any histidine and acidic amino acids with a solvent accessibility greater than or equal to 50% were protonated. The solvent accessibility of an amino acid, X, was defined as the solvent accessible area of the amino acid in the structure divided by its maximum solvent accessible area, the latter being the solvent accessible area of the amino acid in a tripeptide Gly-X-Gly adopting an extended conformation. 24 The N-and C-terminal amino acids were capped with an acetyl and a methyl group, respectively. The protonations and the cappings were performed using the Charmm-gui webserver. 25 The carboxylic acid groups of DAUDA and oleate were also protonated at pH 4.2. | 381
| Human bronchial epithelial cell activation
with the cell lysis buffer, were next resuspended with nuclear extraction buffer (20 mmol/L HEPES pH 7.5, 400 mmol/L NaCl, 1 mmol/L EDTA, 1 mmol/L DTT, 1 mmol/L PMSF and 1× protease inhibitor cocktail) and incubated on ice for 30 minutes. The supernatants, collected after centrifugation at 12,000 g, 4°C for 15 minutes, represented the nuclear protein extracts. The protein concentration in the cytoplasmic and nuclear extracts was estimated using the microBCA kit.
| Western blotting analysis
Equal amounts of proteins from the different extracts were analysed by SDS-PAGE and Western blotting. Polyclonal antibodies specific for both phosphorylated and non-phosphorylated forms of ERK1/2, p38 or JNK MAP kinase as well as for p65 NF-κB subunit (Cell Signaling Technology, Danvers, MA, USA) were used for specific detections in total protein extracts, as described previously. 26 The presence of p65 in cytoplasmic and nuclear extracts was detected by anti-p65 polyclonal antibodies (Thermo Scientific).
The β-actin detection with specific polyclonal antibodies was also performed as a loading control. The immunoreactive bands were detected by chemiluminescence and band intensities were analysed by Image Lab software (Bio-Rad).
| Statistical analysis
The data were analysed using Prism software (version 5.0; GraphPad). The cell activation experiments were repeated three times and a representative experiment is presented in which results from triplicate wells are expressed as means + the standard deviation (SD).
For comparison between the two treatments, a Student t test was used from which P < 0.05 was considered statistically significant. We therefore conclude that Der p 5 undergoes a structural and/or charge change(s) upon movement from pH 7.3 to pH 4.2 that allows access to, and binding within an apolar binding site for fatty acids at least.
| Docking of ligands into monomeric or dimeric Der p 5 structures
We performed docking simulations of DAUDA and oleic acid on the dimeric and monomeric Der p 5 structures, at pH 4.2 and 7.3.
Although SEC-MALS demonstrated that rDer p 5 is mainly monomeric in solution, we cannot exclude the presence of traces of dimeric forms in the rDer p 5 preparation, albeit at low relative concentrations. Moreover, the Der p 5 dimeric structure displays an apolar cavity at the interface formed by the entanglement of the two monomers and this cavity has been suggested to be the main hydrophobic ligands binding site. (which is considered to be a clinically relevant intermediate HDM allergen (also known as "mid-tier" in allergen literature, referring to the proportion of allergics who develop specific IgE to it) probably depends on its lipid-binding. 16 In this study, we examined a role for ligand binding by Der p 5, for which we used a recombinant form of the protein produced in P. pastoris as it is impossible to obtain natural form. The P. pastoris expression system allows the protein production Because of the aggregation of fatty acids (such as oleic acid) at low pH, we were unable to observe the displacement of DAUDA by competition, which is routinely used to investigate binding by natural lipid ligands to other fatty acid-binding proteins. 19 However, our docking simulations predicted that the binding energy of the oleic acid:Der p 5 complex would be higher than for the DAUDA:Der p 5 association in both monomeric and dimeric structures, the first complex being thus less stable than the latter. Moreover, the docking of oleic acid was predicted to take place in two other areas in addition to areas 1 and 2 in the monomeric structure. Taken together, the experimental and simulation data indicate that Der p 5′s interactions with lipids is complex and that the lipids for which it is selective may be more elaborate in structure than simple fatty acids. 
